Objective: To report the timing of involution of acute retinopathy of prematurity (ROP).
I
NFANTS WITH birth weights less than 1251 g are at substantial risk for developing retinopathy of prematurity (ROP). In the Multicenter Trial of Cryotherapy for Retinopathy of Prematurity (CRYO-ROP), investigators found that 65.8% of such infants developed some stage of acute ROP and 6% developed threshold ROP, allowing entry into the randomized trial of retinal ablative cryotherapy in 1 eye. 1 The CRYO-ROP Cooperative Group has delineated the time course for the development of acute threshold ROP. 1 The timing of vascular events in the immature retina, specifically, the development of both ROP and threshold ROP, correlates closely with postmenstrual age. 1 This finding has implicated the infant's maturity, rather than postnatal environmental influences, in governing the time of occurrence of these vascular events.
Important to physicians caring for extremely low-birth-weight infants is the timing of the onset of involution and ultimate resolution of ROP. Such information may be vital in determining the most costeffective strategy for scheduling serial retinal examinations. Though such information cannot eliminate the need for serial examinations of the individual infants, it may provide guidance for physicians who schedule and perform and for public health planners who estimate the manpower requirements for these examinations.
The purpose of this study is to demonstrate the timing of the onset of involution of acute ROP. Secondary analyses consider the effect of gestational age, birth weight, and severity of ROP on the timing of involution. An additional analysis in this report concerns the outcome of peripheral zone III disease. We sought to determine if ROP in zone III that represented the involution of disease previously present in zones I and II could progress into an unfavorable outcome. We speculated that these latter patients have a worse prognosis than those whose initial diagnosis was acute ROP in zone III.
RESULTS

INVOLUTION
There were 766 patients whose selected eye developed acute ROP in at least 1 sector of 1 zone in this sample of data from the 5 Natural History Clinical Centers of the 23 CRYO-ROP study centers. Twenty-two eyes (3%) never manifested involution through 3 months postterm. Twenty-one of these eyes had either a partial or total retinal detachment reported at the 3-month assessment of outcome, while 1 eye was reported to have regressing ROP, but was never previously reported to have had acute ROP. Nineteen patients (2%) were unavailable for the 3-month examination and their timing of involution could not be estimated. Thus, in 725 records (95%) the time of onset of involution could be determined. The time of involution could be determined after reviewing only the serial retinal examinations in 675 patients (88%). The onset of involution could be estimated in an additional 50 patients (7%) by using the results from the 3-month outcome retinal examination. The interval from the last serial retinal examination to the 3-month examination was an average of 46.7 days in those infants. Results of the analyses examining the timing of onset of involution were very similar whether we included or excluded the children in whom we had to use the 3-month examination. Therefore, we elected to report the data for all 725 eyes.
Involution generally began between 34 and 46 weeks (5%-95%) of postmenstrual age. The mean time of onset was 38.6 weeks of postmenstrual age. A plot of time of onset of involution peaks between 36 and 40 weeks (Figure 1) . A separate plot of the mean chronological age at the onset of involution shows a similar shape, with a mean of 11.6 weeks of chronological age (Figure 2) . The cumulative percentage of patients who showed the onset of involution is given in Figure 3 . The ROP began to involute by 40 weeks of postmenstrual age in 74% and by 44 weeks of postmenstrual age in 90%.
The time of onset of involution based on postmenstrual age was analyzed in terms of zone of ROP, birth weight, gestational age, and severity of ROP ( Tables 1,  2 , 3, and 4). The zone of ROP did not substantially affect the timing of involution when related to postmenstrual age (Table 1) . Involution began at virtually the same mean postmenstrual age for each zone of disease.
The analysis by birth weight showed that the onset of involution for each of the 3 birth weight groupings fell within the same postmenstrual week ( Table 2 ). In general, the chronological age of onset of involution correlated inversely with birth weight. This is consistent with the observation that the onset of involution best correlates with postmenstrual age.
Analysis by gestational age showed a slightly earlier onset of involution for lower gestational ages (Table  3) . Children with gestational ages younger than 25 weeks had onset of involution on average 1 week earlier than the average patient.
The analysis of severity of ROP by zone of disease found no clinically important difference in timing (Table 4 ). An analysis of zone II disease by severity found involution to begin earliest with the mildest disease (stage 1: mean, 37.4 weeks) and latest with the most severe disease (stage 3+ at 9-12 hours: mean, 40.2 weeks). Though this trend is significant (PϽ.001), it should be viewed with caution. The short interval is probably not clinically significant, and may have been influenced by minor differences in the pattern of follow-up of these infants, such as children with posterior disease or higher stages of ROP being seen more frequently.
SUBJECTS AND METHODS
All subjects were participants in the CRYO-ROP. 2 The investigational review board at each participating institution approved the CRYO-ROP study protocol. Written informed consent for the sequential examinations that provided data for this outcome study was obtained from each subjects' parent or guardian. All the infants weighed less than 1251 g at birth and had serial eye examinations, started by age 49 days, to document the presence and character of acute ROP during the neonatal period. Serial research examinations were performed about every 2 weeks (1 week for prethreshold ROP) until involution was clinically documented or the retinal vascularization had reached into zone III (vascularization was complete in the nasal meridians). The allowance to discontinue serial examinations under these conditions was placed in the protocol because zone III cases were not eligible for randomization in the cryotherapy protocol. A follow-up retinal examination was performed 3 months after the estimated due date of 40 weeks of postmenstrual age.
Postmenstrual age was defined as the chronologic age in weeks plus the gestational age at birth. Gestational age was assigned by the neonatologist caring for the patient, which represented a best estimate based on menstrual history, obstetrical data (including ultrasonography when available), and neonatal physical assessments.
This study includes research data from children born prematurely who were evaluated at 5 of the 23 study centers. Those centers are the Natural History Clinical Centers, an identified subgroup of the CRYO-ROP clinical centers. One eye from each patient was randomly designated for these analyses. This was done for 2 reasons: (1) the data for the 2 eyes cannot be considered to be independent and (2) some patients were treated and thus did not follow a natural course. For patients who developed bilateral threshold disease, the control eye was used for the analysis. This eye had been randomly chosen to not receive cryotherapy in the CRYO-ROP study. For infants with unilateral threshold disease, the fellow nonrandomized eye was used. There were 1208 patients enrolled at these 5 centers. Of these patients, 766 infants developed at least 1 clock hour of any stage of acute ROP in any zone and are the subjects of this report.
Acute ROP was defined and documented according to the international classification of ROP. 3 The investigators recorded the details of each retinal examination from 34 separate 30°sectors of the eye: 12 in zone I, 12 in zone II, and 10 in zone III. The term sector as used in this report includes data from 1 clock hour of 1 zone of the retina. Threshold ROP was defined as 5 contiguous or 8 cumulative clock hours of stage 3+ ROP in zone I or II. Special prethreshold disease was defined as stage 3+ ROP with fewer than the defined number of sectors of involvement needed for the threshold category. Prethreshold ROP was defined as any zone I or II disease with stage 2+ or stage 3.
AlthoughCRYO-ROPinvestigatorsweredirectedtoidentify regressing ROP during their study examinations of each infant, it turned out that this was not always feasible, as
ZONE III ROP
A secondary analysis assessed the outcome of 135 eyes that had acute ROP identified only in zone III throughout their entire series of retinal examinations ( Table 5) . For the eyes in this analysis, acute ROP was never seen in a lower zone, although incomplete vessels in zones I or II may have been reported. Not one of these 135 eyes had an unfavorable outcome. Plus disease (dilatation and tortuosity of the posterior retinal vessels) was identified in 1 eye. In this child's eye, the plus disease was associated with stage 2 ROP. Five eyes were reported to have zone III stage 3 ROP, and none were described as having plus disease or experiencing an unfavorable anatomical outcome.
Next, we investigated zone III ROP cases in which any stage of acute disease was observed during earlier examinations in either zone I or II ( Table 6 ). The conversion of ROP from zone I or II to zone III would meet our definition of involution. There were 8 zone I eyes in our cohort. Only 1 eye subsequently demonstrated zone III ROP, and this eye experienced a favorable anatomical outcome. 4 There were 200 eyes with zone II ROP that were subsequently reported to have evolved into zone III ROP. Two of these eyes had an unfavorable outcome, both documented with cicatricial grade III ROP. 5 
COMMENT
Involution is a favorable event in the clinical course of the vascular disease for all infants who develop acute ROP. Information about the timing of this event has not previously been available in the literature describing ROP, although involution must occur in most infants who develop ROP.
The time of onset of involution could not be directly ascertained from the CRYO-ROP database, because many cases of ROP involute inconspicuously, so that it is possible only in retrospect to recognize its occurrence. We therefore developed a set of criteria to define the onset of involution.
Similarly, the time of the completion of involution is difficult to document in all cases for at least 2 reasons. First, it was not required for CRYO-ROP patients to be evaluated up to the completion of resolution and full vascularization of their retinas. Second, the retinal periphery may never fully vascularize after the development and involution of acute ROP. 6 Such factors may hinder any future studies from definitively documenting the completion of vascularization.
The CRYO-ROP Cooperative Group has previously reported that the timing of acute ROP events correlates best with postconceptional maturity. 1 It was noted that the onset of stage 1 disease occurs at a median time of 34.3 weeks of postmenstrual age, prethreshold disease at a median of 36.1 weeks, and threshold disease at a median of 36.9 weeks. In this report, involution of ROP was found to begin at nearly a constant postmenstrual age, irrespective of most clinical and retinal factors studied. The peak time for the onset of involution was found to be during the 38th postmenstrual week, with 73% of eyes demonstrating onset between 35 weeks and 41 weeks. These times for the onset of involution were derived from the average of ages at 2 visits that regressing ROP can often be identified only retrospectively, through review of the serial examinations. Therefore, we developed several criteria to define the onset of involution. This decision algorithm was tested on a sample of serial retinal examination data from 100 CRYO-ROP study infants taken from other centers not included in this study. The testing of the algorithm led to a refined set of criteria by which we define the involution of ROP. Meeting any one of the following criteria was sufficient for documentation of involution: (1) The use of research codes 8 or 9 (these identify regression or regressed disease) when there was a history of acute ROP in the same retinal zone at an earlier examination. (2) A reduction by 2 or more sectors in the number of sectors of the highest stage of acute disease recorded in a given zone from one examination to the next; for example, a change from 6 sectors of stage 2 disease in zone II to 4 sectors of stage 2 disease in zone II. (3) Documented completion of vascularization in all sectors of a zone that had previously had acute ROP; for example, a change from 4 sectors of stage 1 in zone II to 4 sectors of stage 1 in zone III. The development of stages 4 or 5 acute ROP was considered progression of disease. The specific time of involution could not be determined for these patients. If a patient would demonstrate 2 separate episodes of involution, the timing of the second episode was recorded for this analysis.
Two of the authors independently applied this set of refined criteria for involution to the findings of the sequential retinal examinations. They each analyzed the data from all 766 eyes in the Natural History Clinical Centers to determine the presence of involution.
The age of onset of involution was defined as the mean age from the 2 serial retinal examinations that showed acute ROP at the earlier examination and definite involution at a subsequent examination. The second examination was not always one of the serial retinal examinations; for some patients, it happened that the serial examinations were discontinued by the research protocol prior to the onset of definitive involution. Whenever acute ROP did not seem to be involuting at the time of the last serial retinal examination, the results of the 3-month outcome examination were used. Using the 3-month examination generally resulted in a larger gap between the last serial examination and the 3-month examination than that between the serial examinations. Use of these data leads to a slightly older age for onset of involution.
Data from the research forms were also tabulated by gestational age, birth weight, zone, and severity of ROP to determine the mean time of onset of involution with respect to each of these factors.
Two supplementary analyses of the involution data specific to zone III ROP were included in this study. The first of these concerned the frequency of the initial development of acute ROP in zone III, which then progressed to stage 4 or worse, rather than involuting. The second analysis asked how often ROP in either zone I or II subsequently developed into zone III ROP (with complete vascularization of zones I and II). The 3-month anatomical outcome of all these eyes was tabulated as favorable or unfavorable. Unfavorable outcomes were considered either a retinal detachment or a retinal fold through the macula. demonstrated involution. If we were to use the second age as the time of onset of involution, the mean time would rise by 1.7 weeks, to a mean of 40.3 weeks. We believe that the derived value represents the more clinically relevant value.
Plots of the timing of onset of involution ( Figures  1 and 2 ) closely mimic the shape of the plots of the timing of onset of prethreshold and threshold acute ROP when compared with either postmenstrual age or chronological age, although they shifted to slightly older ages. 1 The onset of involution peaks about 2 weeks after the peak onset of prethreshold disease and slightly earlier after the peak onset of threshold disease. These data suggest that the onset of involution represents one more event in the course of ROP, in which postmenstrual age is of key importance in establishing milestones of retinal development. This lends further support to the earlier speculation by CRYO-ROP Cooperative Group, in which they hypothesized that the development of acute ROP is controlled by a predetermined maturational sequence. 1 Many clinicians consider the advancement of retinal blood vessels from zone II to zone III in an eye where there has been no acute ROP to be indicative of a good outcome for that eye. This was found to be true for the patients in this study. For such children, this retinal vascular milestone might be considered as similar to involution. For the CRYO-ROP cohort, 50% of such eyes achieve this milestone by the 36 weeks of postmenstrual age.
1 This is nearly 3 weeks earlier than the timing of involution in eyes with acute ROP described in this study, suggesting that the development of acute ROP may cause a delay in the normal vascularization timetable. The outcome of zone III disease was a secondary goal of this report. Zone III, as defined in by the CRYO-ROP Cooperative Group, was not a geographic location, but rather consistent with the approach stated by the international Committee for the Classification of ROP. 3 Thus, vessels and/or ROP were defined as zone III if the vessels in the 2 nasal sectors reached within 1 disc diameter of the ora serrata and there was no ROP in the 2 nasal sectors. When we defined patterns of resolution of ROP, we noted that one pattern is the centrifugal progression of retinal vascular growth into zone III. In an earlier publication of the CRYO-ROP study, we reported that zone III ROP occurred in 12% of all cases studied. 4 However, it is important to recognize that the cases reported as zone III included only those eyes in which no ROP had been observed previously in zones I or II. Among those eyes, the outcome of zone III ROP was found to be favorable more than 99% of the time. It was even felt "inconclusive as to whether zone III ROP ever leads to unfavorable anatomical outcome." Furthermore, we found no eye in this study with acute ROP identified only in zone III during serial examinations advancing to an unfavorable outcome. However, clinicians have reported seeing unfavorable outcomes from zone III ROP. 7 For the present analysis, we hypothesized that zone I or II ROP that involutes by progressing out to zone III could then lead to an unfavorable outcome, which would account for these unfavorable outcomes. We reviewed the CRYO-ROP data to find out how often this scenario occurs. Of the 201 eyes with zone I or II disease that progressed to zone III ROP, only 2 had an unfavorable outcome with cicatricial grade III. Thus, the advancement of acute ROP from zone II to III is associated with involution in nearly every case. These data strongly support the recommendation to monitor zone III ROP without treatment, when zone III is considered as in the CRYO-ROP study.
This report demonstrates that the onset of involution correlates well with postmenstrual age. Most children showed evidence of involution of acute ROP by 44 weeks of postmenstrual age. Thus, clinicians can expect to decrease the frequency of and, in some cases, discontinue examinations of children with a history of acute ROP, once involution has been carefully documented or after 44 weeks of postmenstrual age. For children who never develop acute ROP with vascularization confirmed to be reaching into zone III, it would also be reasonable to discontinue serial examinations. The examiner, however, must be certain that the normal vascularization has reached the nasal ora serrata for any temporal ROP to be in zone III. August 3, 1999 
Accepted for publication
